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Learning and Performance Targets 

Recommendation 12: 
    
Training should be enhanced on the use 
pattern recognition for extreme events 
and use of anomaly data and SREF data 
in the forecast process.  



Learning and Performance Targets 

All NWS meteorologists and hydrologists shall be able to: 

 

1. Identify role of antecedent conditions in flood events. 
 

2. Show how well standardized anomalies aid in 
identifying the potential for heavy rain and flooding. 

 

3. Recognize the limits of standardized anomalies in the 
forecast process and in heavy rainfall events. 

 

4. Show how standardized anomalies and ensembles can 
provide confidence in forecasting flood events. 



Outline 

• Focus on using standardized anomalies 
– Identify heavy rainfall events that can produce forecasts of 

heavy/excessive rain 
– Strive for identification of enduring/multi-day events 
– Method can be applied for a spectrum of  weather events  
 

• Ensemble anomalies and QPF 
– Confidence in a known pattern 
– Provide some information on predictability 

 
 

• Future guidance  Moving toward Extreme Forecast 
Index (EFI) and alarm maps 



Ensembles Provide Anomalies and Confidence in 
the Outcome of a Pattern 



Anomalies, Patterns and Ensembles 
How are these related? 

 

• Anomalies and the known Patterns distinguish an 

ordinary from an extraordinary event 
  

• Known pattern + large anomaly provide confidence in 

predicting high impact events   
 

• Ensembles add the confidence information related to 

probability of exceeding a certain QPF or anomaly value 
 

 

 



What’s the Applicability? 

• Confidence in the pattern 
– Deep trough and ridge 

with moisture plume 
(Atmospheric river) 

– Large PW anomalies with 
strong low-level winds 
 

• Provide context of pattern 
(Maddox Types) 
– Known pattern with high 

probability of above 
normal PW and low-level 
winds 

– Signal that this event 
could be bigger than most 
heavy rain events of this 
type 



Forecast Funnel Considerations 

  

“Beware slowly changing or 
persistent patterns…”  

(Charlie Chappel’s rule) 

• Upstream trough + downstream ridge 
• Examine anomalies of pattern in 3, 6 to 12 hr increments 

 
• Look for periods pattern is conducive for heavy rainfall 

• Persistence of Pattern through 24, 48, to 72 hrs 

• Surges of high PW air (2-4σ) 
• Surges of anomalous low-level winds 

• Implies moisture flux anomalies 
• Interaction w/ terrain features 

 
• Use EPS QPF  

and/or  Plumes 

“Antecedent conditions 
matter”  



A Snap Shot Fade to 24-hour 
Persistent heavy rain pattern Chapell’s Rule   

Time of image 
 
 
Analyze pattern over a 
24-hr period (in this 
case, the period 
ending at 00 UTC 
03 May 2010) 
 
 
Persistence of a 
known heavy rainfall 
pattern 



Where it rains, when it rains and how 
much it rains 



Previous QPFs show heavy rainfall 
potential 

• High probability of heavy rainfall in Mid-Mississippi Valley 
– Other thresholds would be good 
– Fairly long range location could shift! 

 

• We need reinforcing regional data 
– Pattern and key parameters conducive for heavy rainfall? 
– Anomalies for context (significant event) 
– Ensembles for confidence in the pattern 

 

• Things we do not know 
– Internal system QPF climatology 
– What is a 80, 90% or record rainfall in the SREF, GEFS, NAM? 

• Do you have a “feel” for this? 



Rainfall and Heavy Rainfall from High 
Probability Anomalous Pattern 



Persistent Surges in High PW Air and 
Strong Low-level Winds  

• Large scale pattern showed common event type 
– Anomalous trough-ridge and surging AR into MMV 
– This pattern forecast to persist for over 24 hours 

 

• SREF showed high probability relatively heavy rainfall 
 

• Regional scale anomalies 
– Put this pattern into context with confidence based on 

high probabilities of anomalous pattern 
– Enduring period of anomalous PW and V-winds into 

region Confidence in heavy rainfall 
  

• Anomalies for context  and Ensembles for confidence  
– Some reinforcing data (GFS/GEFS/NAM) 

 



The Simple Anomaly Context 

Pattern Event Type Anomalies 

Moisture plumes 
(“Atmospheric Rivers”) 

High end heavy rain 2 to 4σ PW  

Strong poleward flow Synoptic  3-5σ v-wind  

Strong easterly flow TC or Frontal  3-5σ u-wind  
 

Simplistically high 
moisture/High wind 

Big rainfall  
Extreme  

2 to 4σ Moisture Flux  
5 to 6σ Moisture Flux 
 



Estimated Rainfall (Stage IV Data 
Verification) 



SREF Probability of 2,3 and 4 inches 



GEFS 500 and PW forecasts 
Established heavy rainfall pattern  funnel down 



• Great Pattern and zoom in focused over MMV 

– Plume high PW air 

– Though not shown winds were anomalous too 

 

• Key role flow about anomalous ridge and trough 

– Funnel approach is helpful (extremely) 

– Leverage synoptic and pattern skill anomaly context 
• Zoom into to get detail and region of impact 

• Works great for synoptic forced and widespread events 

GEFS 500 and PW forecasts 
Established heavy rainfall pattern  funnel down 



Tie in Patterns and Probabilities 
GEFS runs 12Z 28-30 April 2010 48 hr QPF VT00Z 3 May 2010 

• 3 runs 24 hours 
apart 
– Latter more skillful 

• Exceedance  
– 50, 75, 100 mm 
– 2,3, 4 inches 

• GEFS 75km 
– What is a big QPF 

in the GEFS? GFS? 
SREF? 

• Pattern for heavy 
rain 

• Probability big QPF 
• Patterns & 

Probabilities  



Successive Forecast High PW  
High PW air and strong low-level winds  High QPF 



Deterministic High Resolution Models 

• Larger anomalies  

– One model and no averaging uncertainty 
information is lost 

– Finer scale verse our EFS and climatology 

• Higher resolution 

– Aids in predicting the potential for higher end 
events 

– Extremely useful extremes and valuable at shorter 
ranges 



GFS Regional Pattern and Anomalies 
with QPF 



Deterministic High Resolution Models 

• Show uncertainty when examined run-to-run 
 

• Increase in value as forecast length decreases 

– Valuable shorter ranges strongly forced systems 
 

• In 0-18 hour range 

– 3-4 km models very useful and storm scale ensembles 
should help in strongly forced larger scale events 
 

• Limitations with more mesoscale events 



Limitations 
Predictability is a hurdle we may never clear 

• Method good for pattern and pattern recognition  

• Larger scale events with strong signal 

– Well predicted but not the exacting details and 

– Not the exact region errors of ~100km are typical 

• Mesoscale events (Chicago Flood 2011 example) 

– Pattern may look generally good  

– NWP has limited ability to predict locally heavy rainfall 

– Storm scale models & ensembles may help 0-12 hours  
• Problem is the hardest to deal with  job security! 

• Use patterns and MET_WATCH in these cases 

 



Pattern for record warm 9 days 
and 2 days and 1 time period 



Threats and Extreme Forecast Indices 
(EFI) 

• Threats  Probabilities of key parameters 
exceeding critical thresholds to alert 
forecaster to outcomes… Can R-Climate based 
or critical probabilities (SPC does this) 

 

• EFI  Alarm bells based on exceeding internal 
ensemble climatology (M-Climate) or  
re-analysis climatology (R-Climate) 



M-Climate Based EFI  
Record high and high minimum temperatures 

5/11/2012 NAEFS 2012 



Review 
Patterns and Probabilities  HIHE 

• Leverage ensemble confidence information 
– In the pattern and the persistence of the pattern associated with 

heavy rain 
– And the probabilities for excessive rainfall 
– To Produce forecasts of heavy of heavy/excessive rain 

 

• Leverage Anomaly information 
– Put known patterns into context  identify HIHE! 
– Provide some information on predictability 

 
 

• Future  
– New climatology being derived but we need internal model climate 
– Data into AWIPS 
– More probabilities focused on the threats 



Recognizing High Impact Hydro Events 
Online Course Information 

Log into NWS Learn Center (https://doc.learn.com/noaa/nws) 
 
Use Search Tool (“HIHE”) in Training and Development Catalog 



WDTB HIHE Course Website 

http://www.wdtb.noaa.gov/courses/hydro 



LMS Course 



Equal Credit for Completing Live 
Webinars or Online Course 

1 hour Webinar 2.5 hrs self-paced Online Course 
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EFI at a Point  
Visualize CDF of model and forecast cycles 

• January 2012 cold, wind and 
snow western United States 
 

• Look at QPF upper panel 
– All members show for all runs 

show generally higher QPF then 
in the M-Climate 

– EFS is predicting extreme 
rainfall for this point 

– Model forecast near record 
QPF internally is valuable 
information! 
 

• Winds show same effect 
– Winds are forecasting winds 

higher than M-Climate by most 
members 


